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BACKGROUND
Chromium is an essential trace element for mammals. Its role in glucose metabolism has been investigated since the discovery in the 1950's of an organic chromium-associated compound, which was given the name glucose tolerance factor (GTF). GTF was derived from brewer's yeast and appeared to have insulin-potentiating activity. However, the chemical structure of GTF has been subject to debate.
A low molecular weight chromium-containing Substance with insulin-potentiating activity, termed chromodulin, has also been reported. Chromodulin, which has been isolated from rabbit liver, porcine kidney, bovine colostrum and bovine liver, has been described as an oligopeptide consist ing of glutamate, aspartate, glycine and cysteine residues bound to four chromic ions. However, U.S. Pat. No. 6, 444,  231 to Vincent tested a mixture comprising a 4:2:4:2:2 ratio of chromium, aspartate, glutamate, glycine, and cysteine, and found that this compound did not exhibit the GTF activity seen with chromodulin.
Several clinical studies indicate that chromium Supple mentation may improve diabetes control. Because of insuf ficient information on the use of chromium to treat diabetes, however, the U.S. National Institutes of Health has issued no recommendations for dietary chromium Supplementation.
SUMMARY
The present invention comprises novel chromium com pounds which have insulin-like activity, as well as methods of making and using Such compounds. In one aspect, the present invention comprises a method of treating a meta bolic disorder by administering a therapeutically effective amount of a pharmaceutical composition that includes a chromium adenosine compound to a subject in need thereof. The chromium adenosine compound is preferably a chro mium adenosine phosphate compound, and the adenosine phosphate is preferably AMP. ADP, or ATP. In a preferred embodiment, the chromium adenosine phosphate compound is a complex of chromium, ATP, and cysteine in which the molar ratio of chromium: cysteine: ATP is 1:2:1.
The chromium adenosine compounds can be administered by a number of different routes, such as intravenous admin istration, intramuscular administration, intraperitoneal administration, Subcutaneous administration, and oral administration. The amount of the chromium adenosine compound administered to a subject is preferably between about 50 g and 120 ug of the compound per kilogram of body weight of the subject. When the chromium adenosine compound is administered orally, the amount of the chro mium adenosine compound administered to the Subject is preferably between about 2000 ug and 4000 ug. The present compounds can be used in particular to treat metabolic disorders such as Type 1 and Type 2 diabetes.
The present invention further comprises a pharmaceutical composition comprising a chromium adenosine compound for use in treating a metabolic disorder. Such as diabetes. The 2 chromium adenosine compound is preferably a chromium adenosine phosphate compound in which the adenosine is AMP, ADP, or ATP. In a preferred embodiment, the chro mium adenosine phosphate compound is a complex of chromium, ATP, and cysteine, which preferably has a molar ratio of chromium: cysteine: ATP of 1:2:1. The chromium adenosine compound preferably further includes a pharma ceutically acceptable excipient.
In another embodiment, the present invention comprises a method of treating a metabolic disorder by administering to a subject in need thereof a pharmaceutical composition comprising a therapeutically effective amount of a complex of chromium and either adenine or an adenine derivative.
Such a complex can also include further components, such as cysteine. FIG. 5A is a graph showing the, effect of a saline injection on the blood sugar levels of non-diabetic mice in the study described in Example 5.
FIG. 5B is a graph showing the effect of a 1:2:1 chromi um:cysteine: ATP complex on the blood sugar levels of non-diabetic mice in the study described in Example 5.
FIG. 5C is a graph showing the effect of a 1:2:1 chromi um:cysteine: ATP complex on the blood sugar levels of streptozotocin-induced diabetic mice in the study described in Example 5.
FIG. 6A is a graph showing the effect on the blood sugar levels of diabetic mice of orally administered saline in the study described in Example 6.
FIG. 6B is a graph showing the effect on the blood sugar levels of diabetic mice of oral administration of a 1:2:1 chromium:cysteine:ATP complex in the study described in Example 6. All dimensions specified in this disclosure are by way of example only and are not intended to be limiting. Further, the proportions shown in these Figures are not necessarily to scale. As will be understood by those with skill in the art with reference to this disclosure, the actual dimensions of any device or part of a device disclosed in this disclosure will be determined by their intended use.
DESCRIPTION

Definitions
As used herein, the following terms have the meanings given below, unless a different meaning is clearly intended by the context in which such term is used.
"Adenosine compound as used herein refers to the nucleic acid adenosine as well as to adenosine derivatives.
3 "Adenosine derivatives' refers to adenosine compounds that comprise a derivative of adenine and/or a derivative of a ribose, deoxyribose, or dideoxyribose molecule.
"Adenine moiety" refers to an adenine molecule or derivatives thereof linked to another molecule by a linkage at the 9-nitrogen position.
"Adenosine phosphate compound" refers to an adenosine compound in which the 5' carbon of the nucleoside sugar moiety is bound to at least one phosphate group. Phosphate groups can be mono-, di-, or tri-phosphates or derivatives thereof, such as 1-, 2-, and/or 3-thiotriphosphates. The adenosine phosphates used herein are typically adenosine monophosphate (AMP), adenosine diphosphate (ADP), or adenosine triphosphate (ATP).
"Chromium" refers to trivalent chromium.
"Chromium adenosine compound" refers to a complex compound comprising chromium and an adenosine com pound.
"Chromium adenosine phosphate compound" refers to a complex of chromium with an adenosine phosphate com pound.
A "derivative' is a compound produced by a chemical reaction involving a parent compound.
"Metabolic disorder" refers to diabetes, diabetes-related diseases, symptoms related to diabetes, and other medical conditions involving or related to carbohydrate or lipid metabolism.
"Nucleoside sugar moiety" refers to a ribose, deoxyri bose, or dideoxyribose molecule or a derivative thereof which is linked to another molecule at the 1-carbon position.
As used herein, the term "comprise' and variations of the term, such as "comprising and "comprises," are not intended to exclude other additives, components, integers or steps. The terms "a," "an, and "the' and similar referents used herein are to be construed to cover both the singular and the plural unless their usage in context indicates other W1S.
Compounds
The present compounds comprise chromium adenosine compounds, which have been found to be useful in the treatment of metabolic disorders. A complex compound comprising only chromium and adenosine has been found to be useful for such treatments, while the addition of cysteine to such a complex has been found to be even more effective. Surprisingly, Such compounds have been found to have insulin-like activity.
The adenosine compound complexed with chromium in the present chromium adenosine compounds comprises an adenine moiety and a nucleoside Sugar moiety. The adenine moiety preferably comprises adenine linked to a nucleic acid Sugar by a linkage at the 9-nitrogen position, but can also comprise a derivative of Such a moiety. Adenine moiety derivatives typically comprise an addition or Substitution at the 2-carbon and/or the 8-carbon positions, such as with a hydroxy or halo moiety.
The nucleoside Sugar moiety of an adenosine compound linked to Such an adenine moiety at the 1-carbon position is preferably ribose or deoxyribose. The nucleoside sugar moiety can also comprise dideoxyribose, but this is less preferred as the toxicity of adenosine compounds compris ing dideoxyribose is believed to be greater than for com pounds comprising ribose or deoxyribose. Derivatives of Such nucleoside Sugar moieties can also be used. Such derivatives typically comprise an addition or Substitution at the 2' and/or 3' positions of the nucleoside sugar moiety. For example, the hydroxy moiety at the 2' position of a nucleo In a preferred embodiment, the present compounds are chromium adenosine phosphate compounds. Preferably, the adenosine phosphate compound in Such chromium adenos ine phosphate compounds is AMP, ADP, or ATP, though derivatives of such moieties can also be used. Such deriva tives include commercially available adenosine phosphate analogs (such as those available from BIOLOG Life Science Institute, Forschungslabor und Biochemica-Vertrieb GmbH, Flughafendamm 9a, P.O. Box 107125, -28071 Bremen, Germany) and can include, for example, 2-chloroadenosine
Y-methylene ATP, as well as 2" deoxy-and 2',3' dideoxy-versions of Such compounds and mono-and di-phosphate versions of these compounds. Other alterna tives such as 3',5'-cyclic adenosine monophosphate are also possible.
In a particularly preferred embodiment, the compound is a complex of chromium and ATP Such a compound will typically comprise a molar ratio of chromium: ATP of 1:3, but complexes consisting of 1:2 and 1:1 ratios or mixtures of any of the foregoing are also possible.
In another preferred embodiment, the compound is a complex of chromium, cysteine and adenosine triphosphate. Such a compound will typically comprise a molar ratio of chromium:cysteine: ATP of 1:2:1, but complexes comprising a 1:1:1 ratio or mixtures of the foregoing are also possible. Pharmaceutically acceptable derivatives of cysteine. Such as n-acetyl cysteine, can also be used in place of cysteine.
In an alternative embodiment, the present compounds comprise a complex of chromium with adenine or with a derivative of adenine. Such a complex will generally com prise chromium:adenine in a 1:3 ratio, though 1:2 and 1:1 ratios or mixtures of any of the foregoing are also possible. Adenine derivatives typically comprise an addition or Sub stitution at the 2-carbon and/or the 8-carbon positions, as with the adenine moieties mentioned above. A chromium: adenine complex can also further include other components, Such as cysteine.
Methods of Making the Compounds
Trivalent chromium salts for use in preparing the present chromium adenosine or chromium adenine compounds include any readily soluble and pharmaceutically acceptable salts, such as, for example, chromic chloride, chromic Sulfate, chromic acetate, and the like. Such salts can be combined with other components of the compounds of the present invention in Solution, allowed to react, and then purified.
Solvents which have been found useful in the process of the present invention include polar solvents, such as water and alcohols. It will be readily understood, however, that other polar solvents can be employed. The reactions are generally carried out at mild reaction temperatures, e.g., on the order of from about 5° C. to about 60° C., preferably from about 10° C. to about 40° C., and most preferably at approximately room temperature (approximately 25° C.). Other temperatures can be used, but the benefits in speed, yield, or purity should be balanced against any additional cost of cooling or heating the reactants.
The present compounds generally remain in Solution once formed, and can be purified, for example, using ion exchange chromatography. If one of the present compounds is formed under other reaction conditions, such as at a US 7,297,686 B2 5 different pH, which cause it to precipitate, such compound is preferably collected and placed into solution for further purification.
1. Chromium-ATP Complex In a preferred embodiment, a complex of chromium and ATP is produced. In order to form such a complex, equimo lar amounts of chromium and ATP are mixed in water at a pH of around 3. The mixture is then incubated at approxi mately room temperature for 1-2 hours to form the chro mium-ATP complex. This complex is believed to have a molar ratio of chromium: ATP of approximately 1:3.
This complex can then be purified by loading 50 ml of the chromium-ATP mixture (a 10 mM solution) onto a SE53 ion-exchange column (pre-Swollen, microgranular Sul phoxyethyl cellulose cation ion-exchange media, available from Whatman plc, 27 Great West Road, Brentford, Middle sex, TW 89BW, UK) having a bed volume of approximately 30 ml. The loaded column is then washed with 100 ml of water in order to wash off unbound materials. The bound chromium complex can then be eluted with 0.25 Mammo nium hydroxide. The eluted fractions (4 ml/fraction) were monitored with a UV spectrophotometer for absorption at wavelengths A260 and A280.
The peak fraction (with the highest absorbance) can be collected and lyophilized. Additional chromatographic pro cedures can also be performed prior to lyophilization in order to further purify the chromium complex. Following purification, additional excipients can also be added to the chromium complex prior to lyophilization, for example excipients which stabilize the complex during lyophilization or which produce a pharmaceutically acceptable composi tion. The purified complex can also be reconstituted with a pharmaceutically acceptable carrier, such as a saline Solu tion.
Chromium-Cysteine-ATP Complex
In another preferred embodiment, a complex of chro mium, cysteine, and ATP is produced. In order to form such a complex, equimolar amounts of chromium, cysteine, and ATP are mixed in water at a pH of around 3. The mixture is then incubated at approximately room temperature for 1-2 hours to form the chromium-cysteine-ATP complex. A com plex of chromium, cysteine, and ATP having a molar ratio of chromium:cysteine:ATP of 1:2:1 can be formed in this way.
This complex can then be purified by loading 50 ml of the chromium-cysteine-ATP mixture (a 10 mM solution) onto a SE53 ion-exchange column having a bed Volume of approxi mately 30 ml. The loaded column is then washed with 100 ml of water in order to wash off unbound materials. The bound chromium complex can then be eluted with 0.25 M ammonium hydroxide. The eluted fractions (4 ml/fraction) were monitored with a UV spectrophotometer for absorption at wavelengths A260 and A280.
The-peak fraction (with the highest absorbance) can be collected and lyophilized. Additional chromatographic pro cedures can also be performed prior to lyophilization in order to further purify the chromium complex. Following purification, additional excipients can also be added to the chromium complex prior to lyophilization, for example excipients which stabilize the complex during lyophilization or which produce a pharmaceutically acceptable composi tion.
Pharmaceutical Compositions
In order to use the present compounds to treat a metabolic disorder, the compounds are purified so as to prepare phar maceutically acceptable compositions. Preferably, a single species of one of the present compounds is purified for use The present compounds can also be formulated with pharmaceutically acceptable excipients in order to create a pharmaceutical composition comprising one or more of the present compounds. A pharmaceutically acceptable excipi ent, including a carrier, can be chosen from those generally known in the art including, but not limited to, inert Solid diluents, aqueous solutions, liposomes, microspheres, and non-toxic organic solvents, depending on the route of administration. If desired, such pharmaceutical formulations can also contain preservatives, stabilizing agents and the like. Such as wetting or emulsifying agents, pH buffering agents, human serum albumin, antioxidants, preservatives, bacteriostatic agents, dextrose. Sucrose, trehalose, maltose, lecithin, glycine, Sorbic acid, propylene glycol, polyethylene glycol, protamine Sulfate, sodium chloride, or potassium chloride, mineral oil, vegetable oils and combinations thereof. Those skilled in the art will appreciate that other excipients and carriers can also be used.
Formulations suitable for parenteral administration, Such as, for example, by intravenous, intramuscular, intraperito neal, and Subcutaneous routes, include aqueous and non aqueous isotonic sterile injection solutions. Suitable diluents and excipients include, for example, water, Saline, dextrose, glycerol, or the like, and combinations thereof. These can contain solutes and other additives that render the formula tion isotonic with the blood of the recipient. Alternatively, Such formulations can be acqueous or non-aqueous sterile Suspensions that can include Suspending agents, thickening agents, and solubilizers. The pharmaceutical compositions of the present invention can beformulated for administration by any of a number of administrative routes, including intravenous infusion, oral, topical, intraperitoneal, transder mal, intranasal, intramuscular, intradermal, and Subcutane OuS routes.
Oral formulations can include Such normally employed excipients as, for example, pharmaceutical grades of man nitol, lactose, starch, magnesium Stearate, Sodium saccharin, cellulose, magnesium carbonate, and the like. These com positions can contain about 1-95% of the active ingredient, and can take the form of Solutions, Suspensions, tablets, capsules, Sustained release formulations, or powders.
Methods of Using the Compounds
Another aspect of the present invention is a method of preventing, treating and/or controlling a metabolic disorder with a pharmaceutical composition that comprises: (1) an effective amount of one or more of the present compounds; and, preferably, (2) a pharmaceutically acceptable excipient. In order to prevent, treat and/or control Such conditions, an effective amount of one or more of the present compounds can be formulated as a pharmaceutical composition and administered to a human or animal Subject in need thereof. A subject is determined to be in need of treatment with the present compounds through the use of Standard tests for metabolic disorders, and diagnosis is generally determined by a health professional. For diabetes, diagnostic tests Such as a blood glucose tests can be used to determine whether a Subject is in need of treatment. A number of Such tests are known to the market, for example the Assure 3 glucose meter (available from Hypoguard USA, Inc., 7301 Ohms Lane, Suite 200, Edina, Minn.).
The present compounds are administered to a patient in a quantity Sufficient to prevent, treat, and/or control the Symp toms and/or underlying etiology associated with diabetes or other metabolic disorder in the subject. In a preferred 7 embodiment, the compounds are administered prior to a spike in blood glucose levels. The present compounds can also be administered in combination with other agents for controlling blood glucose levels, such as insulin. Such combined administration can comprise either a physical combination of the present compounds with another agent, or alternatively can comprise a combined therapy through the separate administration of one or more of the present compounds and another agent (in any order).
The present invention thus includes the use of the present compounds in a pharmaceutical composition to prevent, treat and/or control a metabolic disorder such as diabetes. In addition, the invention includes the use of these compounds for the manufacture of a medicament for the prevention, treatment and/or control of a metabolic disorder Such as diabetes.
A therapeutically effective amount of one of the present compounds is determined using methods known to pharma cologists and clinicians having ordinary skill in the art. For example, the animal models described herein can be used to determine applicable dosages for a patient. As is known to those of skill in the art, a very low dose of a compound, i.e. one found to be minimally toxic in animals (e.g., /10XLD10 in mice), can first be administered to a patient, and if that dose is found to be safe, the patient can be treated at a higher dose. A therapeutically effective amount of one of the present compounds for treating a metabolic disorder can be determined by administering increasing amounts of Such compound in this way to a patient Suffering from Such disorder until the patient's symptoms diminish or are elimi nated. When the disorder is diabetes, increasing amounts of a compound can be administered until a patient achieves a desirable fasting plasma glucose level (such as between 90 mg/dl to 110 mg/dl).
Suitable dosages are also determined by taking into account Such factors as the size, weight, age, and sex of the patient, the physiological state of the patient, the severity of the condition for which the compound is being administered, the response to treatment, the type and quantity of other medications being given to the patient that might interact with the compound, either potentiating it or inhibiting it, and other pharmacokinetic considerations such as liver and kidney function.
In a preferred embodiment, the present compounds have a therapeutic index of approximately 2 or greater. The therapeutic index is determined by dividing the dose at which adverse side effects occur by the dose at which efficacy for the condition is determined. A therapeutic index is preferably determined through the testing of a number of Subjects.
The present compounds have been found to have insulin like activity in treating both Type 1 and Type 2 diabetes. Approximately 100-120 ug of the present compounds (based on the weight of chromium in the compounds) has been found to have an activity equivalent to 1 International Unit (IU) of insulin (approximately 40 ug). Approximately 100 ug of a 1:2:1 complex of chromium, cysteine, and ATP has been found to have an activity of about 1 IU of insulin, while approximately 120 g of a chromium-ATP complex have been found to have the activity of about 1 IU of insulin.
Subjects with Type 1 diabetes typically require 0.5 to 1.0 units of insulin per kilogram of body weight per day to control their diabetes. Therefore, when using the present compounds to treat Type 1 diabetes, between about 50 ug and 120 ug of one of the present compounds (based on the weight of chromium in the compound) per kilogram of body weight of a subject can be parenterally delivered to a subject The present compounds have been found to be orally efficacious to a greater degree than Some chromium organic compounds (such as chromium picolinate). Orally adminis tered doses of the present compounds of between approxi mately two and four times the effective intraperitoneal dose have a therapeutic effect. Thus, between about 1 and 10 milligrams, more preferably between 2 and 4 milligrams, of the present compounds (by weight of the chromium in the compound) can be administered to a human Subject in need thereof.
If insulin is administered to the patient in addition to one of the present compounds, the dose of Such compound can be decreased. The use of high doses of insulin has been associated with artherosclerosis, so the present compounds can be useful in ameliorating this side effect.
The present compounds can be delivered to a subject in any of a number of ways known to the art, including intravenous, intramuscular, intraperitoneal, Subcutaneous, pulmonary, intranasal, oral, transdermal and topical admin istration. An effective dose for a particular route of admin istration can be determined as described above. As is known to those of skill in the art, the amount of a compound which is able to reach the bloodstream will vary depending on the route of administration employed. Dosing should be adjusted accordingly.
Methods of Screening Compounds
In determining the therapeutic effects and appropriate dosages of particular compounds and pharmaceutical com positions for a human or animal Subject, in vitro and animal models can be used. The following models or others known to the art can be used to determine the efficacy and/or dosing of the present compounds. For example, a therapeutically effective dose can be determined by administering a range of doses of one of the present compounds to an animal which models diabetes or other metabolic disorder and then testing for, e.g., an improvement in glucose metabolism, a decrease in insulin resistance, or other indicator of improvement or control of a condition.
Models of Type 1 Diabetes
The standard animal model for evaluating diabetes is the Streptozotocin (STZ) model of Type I diabetes. In this model, male Sprague-Dawley rats (available from Charles River Laboratories, Inc., 251 Ballardvale Street, Wilming ton, Mass.) are housed at constant room temperature (21°C.) and humidity (75%) and exposed to a 12 hour light and 12 hour dark cycle. The animals have free access to water and standard rat pellets. Experimental diabetes is then induced by intravenous injection of 65 mg Streptozotocin (STZ. available from Sigma-Aldrich, 3050 Spruce St., St. Louis, Mo.). Hyperglycemia develops in injected animals on day 2 after STZ administration. Diabetic animals are treated daily with approximately 4 IU/kg body weight of human insulin. As an alternative to STZ, high doses of other beta cell toxins like alloxan can also be used to induce Type 1 diabetes.
2. Models of Type II (Insulin-Resistant) Diabetes A number of animal models of Type 2 diabetes exist. The sand rat (Psammomys obesus) is a model of nutritionally induced Type 2 diabetes mellitus. The fatty Zucker (ZDF) rat has hyperglycemia, early hyperinsulinemia, fasting hyperg lycemia, abnormal glucose tolerance, hyperlipidemia, mild 9 hypertension. The JCR: LA-Cp rat is a rodent model pos sessing insulin resistance, obesity, hypertriglyceridemia, including end stage cardiovascular diseases. Homozygous Cpe, mice (Stock Number 003923, available from The Jackson Laboratory, 600 Main Street, Bar Harbor, Me.) develop a diabetic phenotype characterized by hyperglyce mia and insulin resistance. A preferred mouse model is the ob/ob mouse (e.g., Strain B6.V-Lep"/J, available as Stock
No. 000632 from The Jackson Laboratory).
In Vitro Models
In vitro models can also be used to evaluate the present compounds, for example, 3T3-L1 adipocytes produced as described in Example 2 below, can be used to evaluate the suitability of a compound for treating diabetes or other metabolic disorder. An increase in glucose uptake by Such cells in the presence of one of the present compounds indicates that the compound is useful in treating a metabolic disorder.
EXAMPLES
Example 1A
Preparation and Purification of a Chromium-ATP Complex Equimolar amounts of chromium chloride hexahydrate and ATP (10 mM each) were mixed in 50 ml of water at a pH of around 3. The mixture was then incubated at room temperature for 1-2 hours to form the chromium-ATP com plex. This complex was purified by loading 50 ml of the 10 mM chromium-ATP mixture onto a SE53 ion-exchange column having a bed volume of approximately 30 ml. The loaded column was washed with 100 ml of water in order to wash off unbound materials. The bound chromium complex was then eluted with 0.25 Mammonium hydroxide. The eluted fractions (4 ml/fraction) were monitored with a UV spectrophotometer for absorption at wavelengths A260 and A280. The peak fraction (the one with the highest absor bance) was collected and lyophilized.
Example 1B Preparation and Purification of a Chromium-Cysteine-ATP Complex Equimolar amounts of chromium chloride hexahydrate, cysteine, and ATP (10 mM each) were mixed in 50 ml of water at a pH of around 3. The mixture was then incubated at room temperature for 1-2 hours to form the chromium cysteine-ATP complex. This complex was purified by load ing 50 ml of the 10 mM chromium-cysteine-ATP mixture onto a SE53 ion-exchange column having a bed Volume of approximately 30 ml. The loaded column was washed with 100 ml of water in order to wash off unbound materials. The bound chromium complex was then eluted with 0.25 M ammonium hydroxide. The eluted fractions (4 ml/fraction) were monitored with a UV spectrophotometer for absorption at wavelengths A260 and A280. An example of the eluting profile is shown in FIG. 1 .
The peak fraction (fraction 9), with the highest absor bance, was collected and lyophilized. Chromium concentra tion was determined by an Inductively Coupled Plasma Atomic Emission Spectrometer (ICP-AES). Cysteine concentration was measured with an amino acid analyzer after chemical processes of reduction, alkylation, and acid hydrolysis. ATP was analyzed with a commercial assay kit Example 2 In Vitro Testing of Chromium-Associated Compounds
The in vitro effects of various chromium-associated com pounds on H-glucose uptake in 3T3-L1 adipocytes was studied using an established procedure (Siddals, KW et al., J. Endocrinology, 174:289-297 (2002) ), as follows. Cell culture. The preadipocyte 3T3-L1 cell line was obtained from the American Type Culture Collection and grown in Dulbecco's modified Eagle's medium (DMEM) Hepes modification (Sigma-Aldrich, 3050 Spruce St., St. Louis, Mo.) containing glutamine (4 mM), pyruvate (1 mM) and 10% fetal calf serum (FCS).
Differentiation of 3T3-L1 preadipocytes. 3T3-L1 preadi pocytes were then seeded at a density of 5x10" cells/ml (day O) and grown until 2 days post-confluent (day 8). The medium was then changed to differentiation medium (DMEM--10% FCS+glutamine and pyruvate--2 uM insulin--0.5 mM 3-isobutyl-L-methylxanthine--0.25 uM dexametha sone). Cells were maintained in this medium for 2 days and on day 10 the medium was changed back to normal growth medium (DMEM containing 4 mM glutamine, 1 mM pyru vate, 10% FCS and 10 nM insulin). Glucose uptake experi ments were performed when more than 90% of the cells were differentiated into adipocytes. Glucose uptake by mature 3T3-L1 adipocytes. Mature 3T3-L1 adipocytes (day 16 from plating) were serum and glucose starved for 1 hour in Hepes-buffered saline (150 mM NaCl, 5 mM KC1, 5 mMMgSO4, 1 mM CaCl2 15 mM Hepes, pH 7.2) before the addition of the test compounds, for 30 min. Glucose (2 mM 2-deoxy-glucose, 10 uCi/ml H-2-deoxyglucose, available from Amersham Biosciences Corp. 800 Centennial Avenue, P.O. Box 1327, Piscataway, N.J.) was added to each well for 15 min. Glucose uptake was then stopped by the addition of phloretin (2 mM). Adipo cytes were washed with ice cold PBS and lysed in 500 ul 0 1 M NaOH. Four hundred and fifty microliters of fluid from each well were transferred into a scintillation vial and 4 ml scintillation fluid was added and counted in a 3-counter for 1 min.
The test compounds used in the foregoing protocol con sisted of equal amounts (approximately 50 ng/ml, based on the weight of chromium in a compound) each of chromium salt (CrCl), chromium-cysteine complex, chromium-bo vine serum albumin (BSA)-ATP complex, the chromium ATP complex formed in Example 1A, and the chromium cysteine-ATP complex formed in Example 1B. The results 
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The chromium-cysteine-ATP complex demonstrated a dose-response effect parallel to that of insulin. 100 ng of the chromium complex achieved the equivalent activity of 7nM (42 ng/ml, or 1.1 mIU/ml) of insulin.
Example 4
In Vitro Evaluation of Chromium-Cysteine-ATP Complex Activity
We studied whether the chromium-cysteine-ATP complex formed in Example 1B potentiates insulin activity or acts independently like insulin. Various concentrations of insulin (0-10 nM), with or without the addition of the 1:2:1 chro mium-cysteine-ATP chromium complex of Example 1B (approximately 50 ng/ml, based on the weight of chromium in the complex), were tested to measure the H-glucose uptake activity in adipocytes according to the protocol of Example 2.
The results are summarized in FIG. 4 . The parallel dose response curves demonstrate that the addition of the chro mium complex to insulin has an additive effect to the insulin activity and that the complex acts like insulin.
Example 5
In Vivo Evaluation of Chromium-Cysteine-ATP Complex Activity
The effect of the chromium complex formed in Example 1B on blood sugar levels in non-diabetic (TA1 strain) and streptozotocin-induced diabetic mice was evaluated. Two hundred ul of Saline (control group) or 200 ul Saline con taining 0.6 or 1.2 g of the chromium-cysteine-ATP complex (based on the weight of chromium in the complex) was injected intraperitoneally into each mouse. Blood glucose concentrations at 0 hour (pre-injection) and 1 and 2 hours post-injection were measured. The results are presented in Table 1 below and in FIGS. 5A, 5B and 5C. These results indicate that the chromium-cysteine-ATP complex acts like insulin in lowering blood Sugar in vivo. The blood sugar decreased significantly (16% lower than at 0 hour) in non-diabetic mice 1 hour after injection with the chromium complex. In contrast, the control group showed an increase of 21%. 1 hour after saline injection. The effect was even more pronounced in diabetic mice in which the blood sugar decreased 14%. 1 hour after injection with the chromium-cysteine-ATP complex and further decreased to 23% by 2 hours after injection. The effect of orally administering the chromium-cysteine ATP complex formed in Example 1B on blood sugar in diabetic mice (n=5) was studied. Diabetic mice were fed by mouth either with 0.25 ml of saline (control group) or with saline containing 2.4 g of the chromium-cysteine-ATP complex (based on the weight of chromium in the complex). Blood sugar levels were measured at 0 hour (pre-feeding), and 1 and 2 hours after feeding. Oral administration of the chromium-cysteine-ATP complex effectively decreased the blood sugar levels of diabetic mice. The results are shown in Table 2 below and in FIGS. 6A and 6B. 
Example 7
Treating Type 1 Diabetes with a Chromium-Cysteine-ATP Complex A human Subject is diagnosed as having Type 1 diabetes by a physician. A pharmaceutical composition comprising a purified fraction of the chromium-cysteine-ATP complex formed in Example 1B is formulated for intravenous deliv ery, and 1000 ug of this complex (based on the weight of chromium in the complex) is administered to the Subject. Example 8
Treating Type 2 Diabetes with a Chromium-Cysteine-ATP Complex A human Subject is diagnosed as having Type 2 diabetes by a physician. A pharmaceutical composition comprising a purified fraction of the chromium-cysteine-ATP complex formed in Example 1B is formulated for intravenous deliv ery, and 1000 ug of this complex (based on the weight of chromium in the complex) is administered to the Subject.
Example 9
Oral Administration of a Chromium-Cysteine-ATP Complex A purified fraction of the chromium-cysteine-ATP com plex formed in Example 1B is formulated for oral delivery. 3000 ug of this complex (based on the weight of chromium in the complex) is administered orally to a human Subject diagnosed as having Type 2 diabetes.
Although the present invention has been discussed in considerable detail with reference to certain preferred US 7,297,686 B2 13 embodiments, other embodiments are possible. The steps disclosed for the present methods are not intended to be limiting nor are they intended to indicate that each step depicted is essential to the method, but instead are exem plary steps only. Recitation of value ranges herein is merely intended to serve as a shorthand method for referring individually to each separate value falling within the range.
Unless otherwise indicated herein, each individual value is incorporated into the specification as if it were individually recited herein.
Therefore, the scope of the appended claims should not be limited to the description of preferred embodiments con tained in this disclosure. All references cited herein are incorporated by reference to their entirety.
What is claimed is:
1. A method of treating diabetes, a diabetes-related dis ease or symptoms related to diabetes comprising the step of administering a pharmaceutical composition comprising a therapeutically effective amount of a chromium adenosine compound to a subject in need thereof.
2. The method of claim 1, wherein the chromium adenos ine compound is a chromium adenosine phosphate com pound.
3. The method of claim 2, wherein the chromium adenos ine phosphate compound is selected from the group con sisting of AMP, ADP, and ATP. 8. The method of claim 7, wherein the amount of the chromium adenosine compound administered to the Subject is between about 50 ug and 120 g of the compound per kilogram of body weight of the subject.
9. The method of claim 1, wherein the chromium adenos ine compound is administered orally.
10. The method of claim 9, wherein the amount of the chromium adenosine compound administered to the Subject is between about 2000 ug and 4000 ug.
11. The method of claim 1, wherein the subject has Type 1 diabetes.
12. The method of claim 1, wherein the subject has Type 2 diabetes.
13. A method of treating diabetes, a diabetes-related disease or symptoms related to diabetes comprising the step of administering to a Subject in need thereof a pharmaceu tical composition comprising a therapeutically effective amount of a complex of chromium with a molecule selected from the group consisting of adenine and an adenine deriva tive.
